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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize three- 
dimensional measurement with high precision by 
compensating three-dimensional measured data 
by taking a curve of image face of an object 
glass included in a confocal optical system into 
considerations. 

SOLUTION: In a compensation memory 30, 
compensation data for compensating an error 
due to curve of an image face of an objective 
lens is stored per index in the X~Y direction in 
advance. To obtain the compensation data, a 
plan mirror which is constituted on an ideal plan 
as an object to be measured is measured 
actually to obtain measurement data (Z value) 
related to a shape of a surface of the plan 
mirror in which an error due to curve of the 

image face is included, and deviation due to the curve of the image face is 
calculated per X-Y position based on the measurement data by using a host 
computer. An addition and subtraction device 32 adds or subtracts Z value stored 
in a Z value memory 25 and compensation data stored in a compensation memory 
30 to compensate Z value per index and input the result of compensation into a 
compensation Z value memory 33. The memory 33 stores Z value compensated 
and outputs stored data to the host computer. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not 
reflect the original precisely. 

2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A curvature-of-field correction memory means characterized by 
comprising the following by which amendment data of a curvature of field of said 
object lens is memorized in a three-dimensional shape measuring device, A three- 
dimensional shape measuring device provided with ** for a compensation means 
which amends surface type-like data of a measured object obtained by said three- 
dimensional shape-measurement means with amendment data memorized by said 
curvature-of-field correction memory. 

A confocal optical apparatus constituted so that light generated from two or more 
point light sources might be condensed to spot light with an object lens, a 
measured object might be irradiated and the reflective scattered light from a 
measured object might be received by a photodetector array by which two or more 
photodetectors were arranged. 

A relative-displacement means to change a relative position of a condensing 
position and a measured object along an optical axis direction of said confocal 
optical apparatus of spot light irradiated by said measured object one by one. 
A position detecting means which detects said optical axis direction position over 
a confocal optical apparatus of said measured object. 

A detect output of each photodetector of said photodetector array is sampled one 
by one with movement of a spot light position by said relative-displacement means, 
and a relative position of a measured object, A three-dimensional shape- 
measurement means to measure a detect output of said position detecting means 
when a light-receiving output of each photodetector becomes the maximum as a 
surface position of a measured object. 

[Claim 2]Condense a light characterized by comprising the following generated 
from two or more point light sources to spot light with an object lens, and a 
measured object is irradiated, A confocal optical apparatus constituted so that the 
reflective scattered light from a measured object might be received by a 
photodetector array by which two or more photodetectors were arranged, A 
relative-displacement means to change a relative position of a condensing position 
and a measured object along an optical axis direction of said confocal optical 
apparatus of spot light irradiated by said measured object one by one, A position 
detecting means which detects said optical axis direction position over a confocal 
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optical apparatus of said measured object, A detect output of each photo detector 
of said photodetector array is sampled one by one with movement of a spot light 
position by said relative-displacement means, and a relative position of a measured 
object, A three-dimensional shape measuring device which has a three-dimensional 
shape-measurement means to measure a detect output of said position detecting 
means when a light-receiving output of each photodetector becomes the maximum 
as a surface position of a measured object. 

A nominal-contour data memory means by which nominal-contour data in which a 
nominal contour of said measured object is shown is memorized including a part for 
a curvature-of-field error of said object lens. 

A reference deviation calculating means which outputs reference deviation data in 
which a curvature-of-field error of said object lens was offset by asking for a 
deviation with nominal-contour data memorized by surface type-like data and said 
nominal-contour memory means of a measured object obtained by said three- 
dimensional shape-measurement means. 

[Claim 3]The three-dimensional shape measuring device according to claim 1 or 2 
which is that to which said relative-displacement means moves a measured object 
along an optical axis direction of a confocal optical apparatus. 
[Claim 4]The three-dimensional shape measuring device according to claim 1 or 2 
which is that to which said relative-displacement means moves a confocal optical 
apparatus along the optical axis direction. 

[Claim 5]The three-dimensional shape measuring device according to claim 1 or 2 
which is that to which said relative-displacement means moves an object lens of a 
confocal optical apparatus along the optical axis direction. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the three-dimensional shape 
measuring device which amended the surface type-like data of the measured 
object obtained by the three-dimensional shape measuring device using a confocal 
optical system in consideration of the curvature of field of an obiect lens 
[0002] 

[Description of the Prior Art]As art which measures objective shape like the shape 
inspection of a semiconductor manufactured part, as shown, for example in JP 4- 
26591 8,A, there are some which have arranged the confocal optical system in two 
dimensions, and the composition is shown in drawing 7 . 

[0003]In drawin& J, the light of the light source 1 turns into a parallel beam via the 
lenses 2 and 3, and enters into pinhole array PH1. Pinhole array PH1, a pinhole is 
allocated in the direction of X-Y by matrix form. The half mirror 4 is penetrated it 
is condensed with the object lenses 5a and 5b which constitute telecentric system 
by the aperture diaphragm 6, and the light which passed pinhole array PH1 is 
floodlighted by the measured object 7. The measured object 7 is laid on the moving 
stage 8 which can be displaced to Z shaft orientations. It is condensed with the 
object lenses 5a and 5b, and is reflected by the half mirror 4, and image formation 
of the light by which reflective dispersion was carried out with the measured object 
7 is carried out to pinhole array PH1 and a conjugate position. Pinhole array PH2 is 
allocated in this image formation position, and each photodetector of the 
photodetector array 9 detects the light which passes through a pinhole. 
[0004]According to this composition, displacing the moving stage 8 to a Z direction 
by the movement controlling part 10. The output of each photodetector of 9 of a 
photodetector array can be independently sampled by the three-dimensional 
measuring part 20, and a Z direction position when the output of each 
photodetector becomes the maximum can be detected as a surface position of the 
object 7 (peak processing). 

[0005]The measured object 7 is fixed in this case, and it may be made to move the 
object lens 5a or 5b to a Z direction, and may be made to move the confocal 
optical system itself to a Z direction further. 

[0006] Drawing 8 shows the internal configuration of the three-dimensional 
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measuring part 20 which carries out peak processing of the output of each 
photodetector of the photodetector array 9. 

[0007]In drawing 8, the Z-axis encoder 21 inputs into the data selector 22 the 
position data which detects the position of the Z direction of Z shaft movement 
mechanism (in this case, Z shaft movement stage 8), and was detected. 
[0008]On the other hand, the output Dij (1 <=K=L, 1 <=j<=M) of each 
photodetector of the photodetector array 9 is inputted into the comparator 23 in 
order of the index. The comparator 23 is compared with the peak value data Pij 
with the same index memorized by the peak value memory 24 in the output Dij of 
the inputted photodetector, If it is Dij>Pij, the stored data Pij of the index of the 
peak value memory 24 concerned will be updated with the output data Dij, and if it 
is Dij<=Pij, the data Dij will be discarded. Select signal SL which is set to "1" from 
the comparator 23 to the data selector 22 at the time of Dij>Pij, and is set to "0" 
at the time of Dij<=Pij is outputted. 

[0009] Eventually, the maximum (peak value) of the outputs of each photodetector 
of the photodetector array 9 which changes corresponding to the Z direction scan 
of the measured object 7 is memorized by the peak value memory 24, respectively. 

[0010]When select signal SL from the comparator 23 is "1", the data selector 22 
(At the time of Dij>Pij). The output of the Z-axis encoder 21 is outputted to Z 
value memory 25, and it operates so that the output of (the time of Dij<=Pij) and 
the Z-axis encoder 21 may be discarded, when select signal SL is "0." 
[001 1]Eventually, Z direction position data when the output of each photodetector 
of the photodetector array 9 becomes the maximum (peak value) is memorized by 
Z value memory 25, respectively. 

[001 2] Hereafter, operation of composition of having been shown in above- 
mentioned drawing 8 is explained with reference to the flow chart of drawing 9. 
[0013]Corresponding to a three-dimensional (the XYZ direction) scan, it has the 
index i (1 <=K=L) in the direction of X in this case, and he has the index j (1 
<=j<=M) in the direction of Y, and is trying to have the index k (1 <=k<=N) in a Z 
direction. 

[0014]First, a system is worked, and the stored data of the peak value memory 24 
and Z value memory 25 is cleared, and each index i, j, and k is cleared further 
(Step 100). Next, while **************ing each index i, j, and k to 1, respectively 
(Steps 1 10-120), the moving stage 8 is moved to the initial position corresponding 
to k= 1 . 

[001 5]In this state, the output Dij of each photodetector of the photodetector 
array 9 is read one by one in order of an index, and it compares with the peak 
value data Pij which has the same index with the comparator 23, respectively 
(Steps 130 and 140). And if the comparison result is Dij>Pij, while updating the 
stored data Pij of the index of the peak value memory 24 concerned with the 
output data Dij, The stored data Pij of the index of Z value memory 25 concerned 
is updated with the output value of the Z-axis encoder 21 at that time (Step 150). 
However, when the above-mentioned comparison result is Dij<=Pij, while discarding 
the data Dij, the output value of the Z-axis encoder 21 is also discarded. 
[0016]It repeats, **************ing an index one by one until the indexes i and j 
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of an XY direction become i=L and j=M about such processing (Step 160). 
[001 7]Thus, after ending data processing of photodetector 1 region (k= 1 ) next, k is 
carried out +1 and processing of the next field (k= 2) is performed similarly (Step 
1 70). 

[0018]Thus, after data processing of N region about a Z direction is completed, 
peak processing will be completed, and the surface type-like data of the measured 
object 7 will be stored in Z value memory 25, and the peak value of each 
photodetector of the photodetector array 9 will be stored in the peak value 
memory 24. 

[001 9]The surface type-like data of the measured object 7 stored in the above- 
mentioned Z value memory 25 is transmitted to the memory of a host computer 
via a data bus after that. 
[0020] 

[Problem(s) to be Solved by the Invention]By the way, since the confocal optical 
system shown in drawing 7 has the object lenses 5a and 5b, a part for the error by 
the curvature of field of the object lenses 5a and 5b is contained in the surface 
type-like data of the measured object 7 produced by performing it above. As a 
curvature of field is shown in drawing 10 . by the curve of the object lens 5b, curve 
to a control surface, and the planar image of pinhole array PH1 of drawing 8 savs 
the phenomenon which carries out image formation, and it Namely, this sake, Even 
if it puts a plane measured object on an inspected side, the measurement value 
which changes with XY positions of a control surface will be obtained. That is, a 
plane measured object is immeasurable as a planar object object. 
[0021]Thus, conventionally, in the device, since the curvature of field of the object 
lens contained in a confocal optical system was not taken into consideration, high- 
precision three-dimensional measurement or inspection could not be conducted. 
[0022]This invention was made in view of such the actual condition, and an object 
of an invention is to provide the three-dimensional shape measuring device which 
realizes highly precise three-dimensional measurement by amending three- 
dimensional measurement data in consideration of the curvature of field of the 
object lens contained in a confocal optical system 
[0023] 

[Means for Solving the Problem]In this invention, condense light generated from 
two or more point light sources to spot light with an object lens, and a measured 
object is irradiated, A confocal optical apparatus constituted so that the reflective 
scattered light from a measured object might be received by a photodetector array 
by which two or more photodetectors were arranged, A relative-displacement 
means to change a relative position of a condensing position and a measured 
object along an optical axis direction of said confocal optical apparatus of spot 
light irradiated by said measured object one by one, A position detecting means 
which detects said optical axis direction position over a confocal optical apparatus 
of said measured object, A detect output of each photodetector of said 
photodetector array is sampled one by one with movement of a spot light position 
by said relative-displacement means, and a relative position of a measured object, 
In a three-dimensional shape measuring device which has a three-dimensional 
shape-measurement means to measure a detect output of said position detecting 
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means when a light-receiving output of each photodetector becomes the maximum 
as a surface position of a measured object, He is trying to have compensation 
means **** which amends surface type-like data of a measured object obtained 
by curvature-of-field correction memory means by which amendment data of a 
curvature of field of said object lens is memorized, and said three-dimensional 
shape-measurement means with amendment data memorized by said curvature- 
of-field correction memory. 

[0024]According to this invention, as curvature-of-field amendment data amends 
surface type-like data of a measured object obtained by a three-dimensional 
shape-measurement means, measurement accuracy of a three-dimensional shape 
measurement is raised. 

[0025]In this invention, condense light generated from two or more point light 
sources to spot light with an object lens, and a measured object is irradiated, A 
confocal optical apparatus constituted so that the reflective scattered light from a 
measured object might be received by a photodetector array by which two or more 
photodetectors were arranged, A relative-displacement means to change a relative 
position of a condensing position and a measured object along an optical axis 
direction of said confocal optical apparatus of spot light irradiated by said 
measured object one by one, A position detecting means which detects said 
optical axis direction position over a confocal optical apparatus of said measured 
object, A detect output of each photodetector of said photodetector array is 
sampled one by one with movement of a spot light position by said relative- 
displacement means, and a relative position of a measured object, In a three- 
dimensional shape measuring device which has a three-dimensional shape- 
measurement means to measure a detect output of said position detecting means 
when a light-receiving output of each photodetector becomes the maximum as a 
surface position of a measured object, A nominal-contour data memory means by 
which nominal-contour data in which a nominal contour of said measured object is 
shown is memorized including a part for a curvature-of-field error of said object 
lens, He is trying to have a reference deviation calculating means which outputs 
reference deviation data in which a curvature-of-field error of said object lens was 
offset by asking for a deviation with nominal-contour data memorized by surface 
type-like data and said nominal-contour memory means of a measured object 
obtained by said three-dimensional shape-measurement means. 
[0026]According to this invention. A part for a curvature-of-field error of said 
object lens is offset by asking for a deviation with nominal-contour data (a 
curvature-of-field error by an object lens is included in this nominal-contour data) 
in which a nominal contour of surface type-like data of a measured object and a 
measured object obtained by a three-dimensional shape-measurement means is 
shown. 
[0027] 

[Embodiment of the Invention]The example of this invention is described in detail 
according to an accompanying drawing below. 

[0028] Drawi ngJL_attaches identical codes about the same component as the 
conventional technology which shows the example of this invention and was shown 
in previous d rawing 8. 
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[0O29]In drawing 1 , the photodetector array 9, the comparator 23, the peak value 
memory 24, the Z-axis encoder 21, the data selector 22, and the Z value memory 
25 operate like the case of previous drawing 8 . and omit the overlapping 
explanation. Although he is trying to prepare Z value memory 25 the 2nd page in 
this case, in the example described below, it does not carry out by operating only 
the 1st page. If the data selector 31 provided in the latter-part side of Z value 
memory 25 is also operated, it is not, but the output of Z value memory 25 is 
inputted into the adder subtracter 32 as it is. 

[0030]The amendment data Cij for amending a part for the error by the curvature 
of field of an object lens in the correction memory 30 is beforehand memorized by 
each position (each index) of every [ of the direction of X-Y ]. 
[0031]In order to obtain this amendment data, there are the following techniques. 
[0032](1) Actually measure the flat mirror etc. which comprise a flat surface ideal 
as the measured object 7, and obtain the measurement data about the shape of 
surface type of the flat mirror in which the error by a curvature of field was 
included. Since all the measurement data in this case (Z value) should become the 
same, the measurement data which is not so will include the error by a curvature 
of field, a part for therefore, the deviation according to the curvature of field from 
said measurement data using a host computer (normal-values-measurement data) 
— every — it computes for every X-Y position, and let this be amendment data. 
(2) The error by a curvature of field is computed every X~each Y position by the 
design simulation of an object lens, and let the result of having converted this error 
into the position data of the Z-axis encoder be amendment data. 
[0033]The adder subtracter 31 amends Z value for every index by adding or 
subtracting the amendment data Cij by which preliminary memorization was carried 
out to the Z value (namely, measurement data in which the error by a curvature of 
field was included) Zij memorized by Z value memory 25, and the correction 
memory 30, The correction results are inputted into the amendment Z value 
memory 33. 

[0034]The amendment Z value memory 33 memorizes Z value Zij' by which the 
curvature-of-field error was amended, and outputs the stored data Zij' to a host 
computer via a data bus. 

[0035] Operation of composition of being shown in this drawing 1 is explained with 
reference to the flow chart shown in drawing 2. 

[0036]The procedure of Step 100 in the flow chart of drawing 2 - Step 170 is 
completely the same as that of Step 100 - Step 170 which was shown in previous 
drawing 10 . 

[0037]That is, if a system works, the stored data of the peak value memory 24 and 
Z value memory 25 will be cleared first, and each index i, j, and k will be cleared 
further (Step 100). Next, while ************#*j n g each index i, j, and k to 1, 
respectively (Steps 1 10-120), the moving stage 8 is moved to the initial position 
corresponding to k= 1. 

[0038]In this state, the output Dij of each photodetector of the photodetector 
array 9 is read one by one in order of an index, and it compares with the peak 
value data Pij which has the same index with the comparator 23, respectively 
(Steps 130 and 140). And if the comparison result is Dij>Pij, while updating the 



http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 2009/05/27 



JP.09-178446.A [DETAILED DESCRIPTION] 



6/12 ^— v 



stored data Pij of the index of the peak value memory 24 concerned with the 
output data Dij, The stored data Pij of the index of Z value memory 25 concerned 
is updated with the output value of the Z-axis encoder 21 at that time (Step 150). 
However, when the above-mentioned comparison result is Dij<=Pij, while discarding 
the data Dij, the output value of the Z-axis encoder 21 is also discarded. 
[0039]It repeats, **************j ng an index one by one until the indexes i and j 
of an XY direction become i=L and j=M about such processing (Step 160). 
[0040]Thus, after ending data processing of photodetector 1 region (k= 1) next, k is 
carried out +1 and processing of the next field (k= 2) is performed similarly (Step 
1 70). y 

[0041]Thus, after data processing of N region about a Z direction is completed, 
Peak processing will be completed, and the surface type-like data of the measured 
object 7 in which the error by a curvature of field was included will be stored in Z 
value memory 25, and the peak value of each photodetector of the photodetector 
array 9 will be stored in the peak value memory 24. 

[0042]Next, first, after clearing the indexes i and j (Step 200), each indexes i and j 
are **************ed to 1, respectively (Step 210). 

[0043]In this state, the output D1 1 of the index i= 1 and the photodetector of the 
photodetector array 9 which is j= 1, and the amendment data C11 of the 
correction memory 30 are read from Z value memory 25 and the correction 
memory 30, respectively (Step 220), these D1 1 and C1 1 that carried out reading 
appearance are added or subtracted with an adder subtracter (Step 230), and the 
index of the amendment Z value memory 33 writes the addition-and-subtraction 
result in the field which are i= 1 and j= 1 (Step 240). 

[0044]Next, the index j is carried out +1 and an index performs the same 
compensation process using D12 and C12 which are i= 1 and j= 2. 
[0045] Repeat execution is carried out one by one, **************i ng an index 
one by one until the indexes i and j of an XY direction become i=L and j=M about 
such processing (Step 160). 

[0046]Thus, the measurement data in which the error by a curvature of field was 
amended can be obtained. 

[0047] Next, in drawing 1 , the example in the case of operating the 2nd page of Z 
value memory 25 of the 2nd page, and operating the data selector 31 is described. 
[0048]That is, there is a limitation in the size of the X-Y two-dimensional 
inspection plane by this confocal optical apparatus, and total [ of X-] Y field of the 
measured object 7 may be unable to be measured in one scan to the X-Y 
inspection plane mentioned above. In such a case, whenever one kind of scan to a 
X-Y inspection plane is completed, it is necessary to move the confocal optical 
apparatus itself in the direction of X-Y, and it is necessary to change the 
measured field of a measured object. 

[0049]Since it is made to perform the compensation process by a curvature of 
field here in the procedure of drawing 2 using the data Zij which finished this peak 
processing after all peak processings are completed, Data cannot be inputted into 
Z value memory while a compensation process cannot be performed when Z value 
memory 25 faces one, suits and has inputted data into Z value memory 25 at the 
case, and performing the compensation process. 
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[0050]So, when preparing Z value memory the 2nd page and having inputted Z 
value data about the measured field B of the measured object 7 into one memory 
in this example. As data is read from the memory (Z value data of the measured 
field A of a measured object is already memorized) of another side and a 
curvature-of-field compensation process is performed, As reading-and-writing 
control is performed alternation and in parallel to the memory of the 2nd page, it 
enables it to perform data correction processing continuously. 
[0051] Drawing 3 shows other examples of this invention, and it is made to perform 
peak value calculation processing and the compensation process of a curvature of 
field simultaneously in this example. 

[0052]Therefore, Z value memory 25 shown in drawing 1 is deleted, and he 
subtracts and adds the amendment data of the output value of a Z-axis encoder, 
and the correction memory 30 directly, and is trying to select this addition-and- 
subtraction result by the data selector 35 with the adder subtracter 34 in drawing 
3 . 

[0053] Hereafter, operation of the example of drawing 3 is explained with reference 
to the flow chart of drawing 4 . 

[0054]That is, if a system works, the stored data of the peak value memory 24 and 
the amendment Z value memory 33 will be cleared first, and each index i, j, and k 
will be cleared further (Step 300). Next, while **************j n g each index i j 
and k to 1, respectively (Steps 310-320), the moving stage 8 is moved to the initial 
position corresponding to k= 1 . 

[0055]In this state, an index reads the output D1 1 of the photodetector of the 
photodetector array 9 which is i=j=1 (Step 330), and compares this read data D11 
with the stored data P1 1 of the peak value memory 24 with the same index with 
the comparator 23 (Step 340). And if the comparison result is Dij>Pij, the stored 
data Pij of the index of the peak value memory 24 concerned will be updated with 
the output data Dij (Step 350), and the data Djj will be discarded at the time of 
Dij<=Pij. 

[0056]On the other hand, are parallel with the data update process of the peak 
value memory 24 at the time of this index being i=j=1 , From the correction memory 
30, the amendment data C11 whose index is i=j=1 is read, and this amendment data 
C11 is subtracted and added with the output value of the Z-axis encoder 21 with 
the adder subtracter 34, and is inputted into the data selector 35. 
[0057]As mentioned above in the data selector 35, when select signal SL from the 
comparator 23 is "1", (At the time of Dij>Pij). an adder subtracter — 34 — an 

output — Z — correction value — a memory — 33 — i=j — = — one — it is a 

storage area — Z — 1 1 — ' — outputting (Step 350) — a select signal — SL — 
"zero" — it is — the time — **** — (— Dij<=Pij — the time — ) — the Z-axis - 
- an encoder — 21 — an output — discarding . 

[0058]It repeats, **************i ng an index one by one until the indexes i and j 
of an XY direction become i=L and j=M about such processing (Step 360). 
[0059]Thus, after ending peak processing and correcting operation processing of 
photodetector 1 region (k= 1) next, k is carried out +1 and processing of the next 
field (k= 2) is performed similarly (Step 370). 

[0060]Thus, after data processing of N region about a Z direction is completed, 
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peak processing and correcting operation processing will carry out the end of 
simultaneous, and the surface type-like data of the measured object 7 in which the 
error by a curvature of field was amended will be stored in the amendment Z value 
memory 33. 

[006 1 ] DrawingJL shows another example of this invention, and in this example. He 
is trying to offset a curvature-of-field deviation by taking those deviations as 
compared with the nominal-contour data (data in which the shape of an ideal 
canonical form of a measured object is shown) in which the curvature-of-field 
deviation was similarly contained in the measurement data Zij in which the 
curvature-of-field deviation of the object lens was contained. For this reason, in 
this example, eventually, three-dimensional-shaped position data will not be 
obtained, but the reference deviation data from a reference value will be obtained. 
[0062]In drawing 5, the photodetector array 9, the comparator 23, the peak value 
memory 24, the Z-axis encoder 21, the data selector 22, and Z value memory 25 
function completely like what was shown in previous drawing 1 . 
[0063]The nominal-contour data Eij which shows the shape of an ideal canonical 
form of a measured object to the nominal-contour memory 40 is beforehand 
memorized according to each Y-Y coordinates (according to index). However, the 
error data based on the curvature of field of the object lens used with this 
confocal optical apparatus is contained in this nominal-contour data. 
[0064]In order to obtain the nominal-contour data which should be memorized in 
this nominal-contour memory 40, there are the following techniques. 
[0065](1) The measured object 7 used as a standard is actually measured with this 
three-dimensional shape measuring device, and let the measurement data then 
obtained be nominal-contour data. Of course in the case of this measurement, the 
compensation process by a curvature of field is not performed. That is, the 
curvature-of-field error is included in the measurement data obtained. 
[0066](2) Include the curvature-of-field error data obtained by the design 
simulation of the object lens in the designed value of the measured object used as 
a standard (adding), and convert this into the position data of 21 of a Z-axis 
encoder. 

[0067](3) Include the curvature-of-field error data obtained by prior actual 
measurement to the designed value of the measured object used as a standard 
(adding), and convert this into the position data of 21 of a Z-axis encoder. 
[0068]By carrying out subtraction treatment of the nominal-contour data Eij 
memorized by the surface type-like data Zij and the nominal-contour memory 40 
of the measured object 7 in which the error by the curvature of field memorized by 
Z value memory 25 was included in the subtractor 45 for every index, Reference 
deviation data sigmaij (=Zij-Eij) against which the curvature-of-field deviation was 
set off is computed, and this is inputted into the reference deviation memory 50. 
[0069]The maximum RMAXij which can permit reference deviation data sigmaij is 
beforehand memorized for every index by the muximum departure value memory 
60. It may be made to set up a different value for every index as these allowable 
maximums RMAXij, or may be made to set up the same value altogether. 
[0070]The minimum RMINij which can permit reference deviation data sigmaij is 
beforehand memorized for every index by the minimum deviation value memory 65. 
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It may be made to set up a different value for every index as these permission 
minimum RMINij, or may be made to set up the same value altogether. 
[0071]The mask signal Mij for determining whether perform comparison processing 
in the window comparator 75 is memorized, and this mask memory 70 is used for 
the mask memory 70 in order to obtain the data of only the necessary portion of a 
measured object selectively. For example, when the mask signal Mij is "0", 
comparison processing in the window comparator 75 is performed, and when the 
mask signal Mij is "1", the comparison processing in the window comparator 75 is 
skipped. 

[0072]In the window comparator 75, reference deviation data sigmaij RMAXij, As 
compared with RMINij, the Jij signal "0" which shows good at the time of 
RMINij<Zij<RMAXij is outputted, the Jij signal "1" which shows a defect at the 
time of RMINij>=Zij is outputted, and the Jij signal "2" which shows a defect at the 
time of RMAXij<=Zij is outputted. 

[0073]The window comparator 75 outputs the Jij signal "4" which shows that it is 
skipping in the index area where the mask signal Mij skips comparison processing 
by "1." 

[0074]The judgment memory 80 memorizes the output signal Jij of the window 
comparator 75 to each index area. Therefore, it can be clearly known by referring 
to the stored data of the judgment memory 80 where the faulty point of a work is, 
whether a defect is short measurement, and whether it is excess of a size. 
[0075]Hereafter, operation of composition of being shown in drawing 5 is explained 
with reference to the flow chart of drawing 6. The flow chart of drawing 6 explains 
the operation after reference deviation sigmaij was stored in the reference 
deviation memory 50. 

[0076]In this case, operation until the formed data of the measured object 7 is 
stored in Z value memory 25 is the same as that of the example of previous 
drawing 1, and that explanation is omitted. 

[0077]By carrying out subtraction treatment of the nominal-contour data Eij 
memorized by the surface type-like data Zij and the nominal-contour memory 40 
of the measured object 7 in which the error by the curvature of field memorized by 
Z value memory 25 was included in the subtractor 45 for every index, Reference 
deviation data sigmaij (=Zij-Eij) against which the curvature-of-field deviation was 
set off is computed, and this is inputted into the reference deviation memory 50 
one by one. 

[0078]Thus, reference deviation data sigmaij is memorized in each index area of 
the reference deviation memory 50. 

[0079]In this state, each index i and j, are cleared first, next each indexes i and j 
are **************ed to 1, respectively ( drawing 6 steps 400 and 410). 
[0080] Reference deviation sigmal 1 whose an index is i=j=1 is read from the 
reference deviation memory 50, and it is inputted into the window comparator 75, 
M1 1, RMAX1 1, and RMIN1 1 whose an index is i=j=1 are read from the mask 
memory 70, the muximum departure value memory 60, and the minimum deviation 
value memory 65, respectively, and it is inputted into the window comparator 75. 
[0081]When the mask signal M11 is "1", the window comparator 75 carries out "A" 
of the output Jij, and memorizes this to the field whose index of the judgment 
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memory 80 is i=j=1 (Step 440). 

[0082]When the mask signal M1 1 of the window comparator 75 is "0", Reference 
deviation sigma11 is compared with a maximum-permissible value and the minimum 
acceptable values RMAX1 1 and RMIN11, The Jij signal "0" which shows good at 
the time of RMINij<Zij<RMAXij is outputted, The Jij signal "1" which shows a 
defect at the time of RMINij>=Zij is outputted, the Jij signal "2" which shows a 
defect at the time of RMAXij<=Zij is outputted, and this is memorized to the field 
whose index of the judgment memory 80 is i=j=1 (Step 430). 

[0083]It repeats, **************i ng an index one by one until the indexes i and j 
of an XY direction become i=L and j=M about such processing (Step 450). 
[0084]Thus, peak processing of the measured object 7, correcting operation 
processing, and inspection processing are ended. 

[0085]It may be made to perform inspection processing as shown in drawing 5 
using the composition of drawing 3 . In this case, the correction memory 30 of 
drawing 3 is substituted for the nominal-contour memory 40 of drawing 5 . As what 
is necessary is just to have substituted the amendment Z value memory 33 of 
drawing 3 f or the reference deviation memory 50 of drawing 5 . and the reference 
deviation memory 50 of drawing 5_is prepared the 2nd page and mentioned above, 
When having inputted reference deviation sigmaij into one memory, As reference 
deviation sigmaij is read from the memory of another side and inspection 
processing is performed, As reading-and-writing control is performed alternation 
and in parallel to the memory of the 2nd page, it may be made to give continuity to 
data processing when total [ of X-] Y field of the measured object 7 is 
immeasurable in one X-Y scan to a X-Y inspection plane. 
[0086]When the faulty point more than the number set up beforehand is 
discovered, inspection processing is stopped, and it may be made to judge that the 
measured object (work) is poor in the above-mentioned inspection processing. 
[0087]That it should correspond to the inspection processing of several different 
works, two or more the nominal-contour memory 40, muximum departure value 
memories 60, minimum deviation value memories 65, and mask memories 70 are 
prepared corresponding to each work, these are switched, and it may be made to 
use. 

[0088]lt may be made to conduct the excellent article poor inspection of a 
measured object, measuring the output of drawing 1 or the amendment Z value 
memory 33 of drawing 3 with a maximum-permissible value and the minimum 
acceptable value. 

[0089]Although a data selector, an adder subtracter, etc. are formed and hardware 
was made to perform various kinds of data processing in the example, the software 
processing in a host computer may be made to perform these all. 
[0090]lt may be made to conduct shape inspection of an article by performing 
[ measurement value Zij' of the work which amended the curvature of field of the 
object lens ] conducts matching for excellent article formed data using a 
normalized correlation function. In this case, since the curvature-of-field 
compensation process of the object lens is performed, it is lost that a 
measurement value changes with X-Y positions on which the work was put, the 
accuracy of conducts matching also improves, and a high-precision inspection can 
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be conducted by extension. 

[0091]since in the case of gate reading systems, such as an MOS type, the 
photodetector array 9 carries out reading appearance of the electric charge 
accumulated in each photodetector one by one and goes by a raster scan, When 
the output of each photodetector is sampled one by one as mentioned above, 
displacing the moving stage 8 to a Z direction, the time which has an electric 
charge read for every photodetector will differ, and, for this reason, Z positions will 
differ for every photodetector. Therefore, while carrying out a certain peak 
processing of the 1 st page, if the output of a Z-axis encoder is sampled or 
amended so that it may become the same Z value, highly precise measurement can 
be made. In the case of the photodetector array 9 which incidentally has a stored 
charge transmit buffer like CCD, the above problems are not generated. Although 
the encoder was used as a position detecting means of a Z direction in the above- 
mentioned example, it may be made for other arbitrary detecting mechanisms to 
detect a Z direction position. 

[0092]Although the object lens which constitutes telecentric system was used for 
the confocal optical system in the above-mentioned example, it may be made to 
apply this invention to the confocal optical system which has an object lens of 
non-telecentric system. 

[0093]Although it was made to change the relative position of the condensing 
position and measured object along the optical axis direction of said confocal 
optical apparatus of the spot light irradiated by the measured object by moving a 
measured object to a Z direction by Z shaft movement stage 8 one by one in the 
above-mentioned example, The measured object 7 is fixed, and it may be made to 
move the object lens 5a or 5b to a Z direction, and may be made to move the 
confocal optical system itself to a Z direction further. 

[0094]Although it was made to make shape of the basic array of a point light 
source array (pinhole array PH1) and the photodetector array 9 into the square 
matrix in the above-mentioned example, For example, it may be made to make a 
basic array into the shape of a hexagon, or triangular shape, and may be made to 
use what has arranged the point light source and each photodetector to one 
dimension further. 

[0095]It may be made for what [ not only ] was shown in previous drawing 7 but 
arbitrary composition to be used for the confocal optical system which applies this 
invention. For example, a hologram is used for Japanese Patent Application No. No. 
247658 [ seven to ] as a means to generate a light equivalent to two or more point 
light source lights generated from pinhole array PH1 shown in drawing 7 , What has 
arranged this hologram in the arbitrary positions within a confocal optical system, 
and pinhole array PH2 which are shown in drawing 7 are shared by pinhole array 
PH1, The half mirror 4 is deleted, what allocated the photodetector array 9 
between pinhole array PH1 and the lens 3 is shown, and it may be made to apply 
this invention to such a confocal optical apparatus 
[0096] 

[Effect of the Invention]Since curvature-of-field amendment data amended the 
surface type-like data of the measured object obtained by the three-dimensional 
shape measurement according to this invention as explained above, a curvature- 
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of-field error is amended and, thereby, the accuracy of measurement data can be 
raised. 

[0097]According to this invention, it asks for a deviation with the nominal-contour 
data (the curvature-of-field error by an object lens is included in this nominal- 
contour data) in which the nominal contour of the surface type-like data of a 
measured object and a measured object obtained by the three-dimensional shape 
measurement is shown, Since this deviation was used as reference deviation data, 
a part for the curvature-of-field error of an object lens is offset, and the accuracy 
of shape inspection can be raised. 



[Translation done.] 
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